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(54) [Name of Invention] Tactile transmission Device 
(57) [Abstract] 

[Object Ih a tackle transnrilsslon device for, for example, a robot, tactile information fit>m high^ 
resolution surface is tensmftted at a low-cost Furthermore, the transniissipii of 
muttidimensiohal tactile informatipn (for example, surface pressure and surface texhjre, 
etc.) is ehabled. : \ / ^ 

[CdmpOsitipnj A struibture tactile transmission part 3 eomprisiny multlpio piezo^ie^ \ 
acttiatprs 31 , eadi provided with ^ri alterhatiiig dirrent ppWer,^ Which are etiMlppe^ , 
In thb form of an array on a t>ase plate» 3^, a^d ^ control pta^ supii)ii6^ to ' 
individuai piezsbeteibtric aOtuator 31 ah alterhating eurreht power P, and which, basfed on 
iactilb infpiiT^tioh is froni contarol,devi<^ 1, <^ tive aimpii^^ 
. ti)e 0^11^^ Of each plOzOelectrio a<;<^ by i^trb[nihg; f6f^^ 
or f iieiquehi^ of the att^ 
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[C] To the viarious converters 21 (21A, 21B, ...) 

[d] AC generator 

[eJ Control de\rt'ce (computer) 

[F] To the various converters drcuite 21 (21 A, 21iB, 

[GJ to the various piezoelectric actuators 31 (31 A, 31 8, . . .) 

32: Baseplate 

31 (31 A, 31 B, . , .) piezoelectric actuators 

3 Tactile transmission part 

2 Control part 

21 Converter circuits 

[Patent Clafitis] 

[Claim 1] A tactile transmission device staictured with a tactile transmission part comprising 
multiple piezoelectric actuators, each provided with an altematihg current power, and 
which are equipped in the form of an array on a base plate, and a control part, which 
supplies to each individual piezoelectric actuator, an altemating current power, and 
which, based on tactile infonmatidn from a control device, controls the amplitude and the 
frequency of the oscillation of each piezoelectric actuator by controlling, for example, the 
Voltage or frequency of the altemating current power. 

[Claim 2] A tactile transmission device according to claim 1, wherein the control part controls the 
voltage of the altemating currents applied to the various piezoelectric actuators to control 
the amplitude of vibration thereof. 

[Claim 3] A tactile transmission device according to claim 1 , wherein ttie control part controls flie 
f requiency of tiie altemating currents supplied to ttie various piezoelectric actuators ih 
order to control the frequency of ttie vibrations thereof. 

[Claim 4] A tactile transmission device according to claims 1 to 3, wherein the control part 

supplies an alternating current s^uentially and repetitively to the jhdividuai piezoelectric 
•. ' actuait<^ ■*:■■ • \: > * ./ 

[Claim sj A tactile transmission devioe apcording to daims 1 to 4, wherein anti-vibratioh 
maten>ls are equipped bety^ 

[Claim 6] A tactile transmission device according to claims 1 to 4^ Wherein e^ch indfyidual 
actuator rs attached to fliid base pl^^^ 

[Claim 7] A tactile transmission device according to claims 1 though 6^ wherein aipurid (he tipsl 
of the individual piezoelectric aerators oi^posite from the fteise board side therd W 
equipped pr^ure support supplernental boards at essiehtiaily ttie same plane as the tip 
surface thereof. 
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[Detaii$!d Explanation of the Invention] 
10001] 

[Area of Use In Industry] 

The present inventidh relates to tactile transmission deyiqes that transmit to an operator 
tactile inforn^tion from operating extremities inputted into a control device such a 
computer in, for e)^mple, a rotK)t. 

IQ002] 
Prior Art] 

In robots, such as master-slave robots, tactile infomiation felt by operating extremities, 
such as the 'lingers" of slave robots, is transmitted to the master side, or In other words, 
to the operator, in order to perfomn fine operations To do this, for example, tactile 
sensors may be equipped at the operating extremities of the slaive rot)OL The tactile 
information from the tactile sensors is inputted into a control device comprising, for 
example, a computer, and the tactile information stored in this control device is 
ti^nsmitted to the operator through a tactile transmission device. 

[0003] Figure 7 is a system diagram showing a conventional example of this type of tactile 
transmission device. In Figure 7, 1 is a control device comprising, for example, a 
computer wherein the tactile information is stored, where ttie tactile infdmnation Sp from 
tills conU-ol device is inputted into ah electrical/pressure converter 5 and a pneumatic 
pressure Po proportional to the magr^itude pf the tactile information So is outputted from , 
this electrical/pressure converter 5. this pneumatic pressure Po is supplj^ to a 
pneumatic pressure actuator 6, and a force pushes down on one end of a lever 7 
according to this pneumatic pressure Po. This lever 7 can rotate freely around a fulcrum 
7A so thai the trBnsrnls$lon 7B equipped on the ottier end thereof is pCished upward, 
transmitting the tactile infomnation to the finger 9 that is touching this transmission part 
76/ 

[0004] • ■ 

[Prbbtem that the Present Invehtibn Attempts to Solv0] 

Generally; tadfile irtfomiation r^uires not jiist a point, but a siirfac^; hpw^vi^i'^the jtejctije 

trahsmissjort d^vios d^^ 

aerators, leVers and so forth, ahd thiis ttie amourit of ispace occupied by thesp 
cortiponerits is large, arKl thus ther^ are limit^ on bping able to create a of a large 
ntimbpr o^ ttiese devtoes In order to obtain tadtile information for ii surf^be. FurtfieiT^ 
the expensive components engender problerhs with high costs. 

[0005] The object of the present invention is to provide a tactile transmission device that rhak^ > ; 
tt possible to obtain tactile information for a surface with high re^olutibh at a low cost Yet ; 
aiiottier object of the present irivention is to provide a tactile trahsmiissiph device that is 
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able to transmit multidimensional tactile information (such as surface pressure, texture, 
etc.) that cannot be transnriitted by conventional device$ 

[0OO61 

[Means by which the Problem Is Solved] 

In order to achieve the objects described above the tactile trahsmission device of the 
present invention is structured with a tactile transmission part compri$ing multiple 
piezoelectric aduators, each provided with ah alternating current power, and which are 
equipped in the form of ah array on a bdse plate of any given shape, and which are 
attached either perpendicular to, or at any angle to, said base plate, and a control part, 
which supplies to each Individual piezoelectric actuatpr, an alternating current power, 
and which, based on tactiie infomnatjon from a control device, opntrbis the amplitude and 
the frequency of the osciliation of each piezoelectric actuator by controllirig, for example, 
the voltage or frequency of the alternating current powe 

Additionally, the voltages of the alternating cun-ent power supplied to the individual 
piezoelectric actuators are controlled, for example, t>y the aforementioned control part in 
order to control the amplitude of the vibrations. Conversely, the frequency of the 
alternatihg curient power supplied to the individual pte2x>electric actuators is contrQiled in 
order to control the frequencies of their vibrations. In addition, the control part supplies . . 
the alternating cunrent power sequentially and repetitively to the indMcludl piezoelectric 
actuators. In addition, anti*vibratidn materials are equipped between the individual 
actuators and the base plate. Furthermore, the position at which each piezoeiectric 
actuatpr is attached is detennined by sitting grooves equipped in the base plate. 
Additionally, around the base plate side edges of each individual piezoelectric actuator 
are equipped pressure bearing supplemental plates at approximately the same surface 
as the tips thereof. 

[0007] 
[Operation] 

In the tactile transmission device according to the present iriverition, the tactile : 
transrnission part is stnjc^ 

pi02X)elec^0 eleme^^ attached in an array on a base plate. The multiliay^^^^^ 
elements are ine)q>enstve arid extremely easy to miniaUirtze, and t>4^use th0^ 
piezoelectric actuators are easy to attach 
actuators, tactile ihfp^ 

cost Furtfiefrriore, tti0 control part ttiat drives these piezoelectric ^b^^ cbhtrbis the 
voltage of the alternating euneht power supplied to the individual actuators teased on the 
tactile information pro>^ded 

cpntrqiling thp amplitude of the vibrations, theret)ymaking It possible t^ tfWismit tac^^ 
information to the piezoel > > 

cunrent power supplied to tiie ind 

control the firequenc^ of ttie vit)Fations, thereby rhaking it possible to jti^hsmit/sim : v : ^< 
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the tactile ihformattdn to the piezoelectric actuators. In this way, rnultidimensional 
information comprising amplitude and frequency can be transmitted to the same 
piezoelectric actuator, and ttius, for example, it is possible to transmit simultaneously, for 
example, both surface pressure and surface texture tactile information. This control part 
is inexpensive because it has a simple electronic circuit structure comprising a $ingle 
voltage generator drcuit and a sir^le D/A converter dixxiH for each piezoelectnc 
actuator Furthemiore, because it is strudured so that it supplies the alternating current 
power sequentially end repetitively to each piezoelectric actuator, tiie cost is even lower 
because the strudure is one where in the control part is structured witti a seleptor drcuit, 
a D/A converter drcuit, and a voltage igerierator drcuit for each. 

[0008] In addition, because the anti-vibration materialx are equipped between the base plate 

and each of ttie piezoelectric actuators in tiie tactile transmission part, the interference of 
the vibrations between adjacent piezoelectric actuators is prevented, tiiereby increasing 
the predsion. Additionally, beoause the position of each individual piezoelectric actuator 
is detenmlned by the fitting grooves that are equipped in the base plate, high-predsion 
surface tactile infonnation can be obtained by increasing the predsion of tiie attachment 
locations* Furthermore, tactile information dose to the surface can be obtained because 
the spaces between the individual piezoelectric actuators are filled by the provision of 
pressure-bearing supplemental plates around the base plate edges of the individual 
pie^oelecAic actuabrs at aboiJt the same height of ttie ti^^ 

J00091 

[Example Embodiment] 

Figure 1 is a drcuit diagram induding a 1-pait model showing an example of a tactile 

trahsmission device according to the present invention. In Rgure 1, the tactile 

transmission device comprtees a tactile transmission part 3 stifiictured from piezoelectric 

actuators 31 (31a, 31b, >..) miade ftom. for example, multilayer-type piezoelectric 

elemente, that are each attached in an array that is perpendicular to a base plate 32 and 

which each are supplied an alternating electric current to be caused to vibrate, from a 

control part 2 that supplies an alternating eloctric CMrrient power Po e^di of tiiese 

plezoelebbid aduatbrs 31 (3ie, 31b, :..) erK) that pb^ the altemafln^^ 

power b^ised on tadile infonnation provided from a control devire^^ 

wherein the tactile infbntiation is stored, so as to cohtnbl the^^ni^litN of the vibratioris 

in each of the f^zbelectric actuators to prxiporBona} to tii^^^^^^^ 

pressure. This control psurt 2 receives tactile infonmatiori S Sb, ..,) for eadi point ori 

$ surface whldh i^ perl^i9h6Ki. into ah ori the opebiihg exti^ of the iOjbot^ 

whidi is inputted finorn the cohtrpi device i i^ ^Isb input? thei eiectnc\«)ltay^ 

...) frorri an alternating current generatdr drcuit^, ar^d selects from the voltages V {^a, 

Vb, ,..) genemted by the a^^ 

oohespbnds to the ta(^ie iii^^ 

drcuit 21 (2la, 21b, v.;) thiat o^ piezsoetectricacliiators 31 (31a; 
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31 b, , the alternating oiOBnt power P (Pa, Pb, .„) which is, for 0)^mple, a sine wave, 
a square wave, or the like. 

[0010] The operation of the tadile transnnissfon device is as described below. Tactile information 
for each point on a surface that is divided into an array of operating e>ctremities is 
imputed fifom a control device 1 , where said tactile Inforrnation is, for example, 
Infpnmatlon S on the magnitude of the surface pressure, where said infomiation is 
inputted into the respected D/A converter circuit 21 , where these D/A conversion droiits 
21 eadi select, fipom the voltages V generated by the respective alternating current 
generator circuits 22, a voltage tiiat is proportional to the magnitude of the surface 
pressure, and each outputs to the respective piezoelectric actuator 31 and alternating 
qurrent power P, which is a sine wave, square wave, the like, so that each individual 
piezoelectric actuator 31 vibrate? with a magnitude proportional to the infomiation S oh 
the magnitude of the surface pressure as putputted by the control device 1. Here the 
positions of the various points on the surface that is partitioned into an array at the 
operatirig extremity, inputted from the control device 1 , cori-espond to ttie positions of the 
various piezoelectric aduator of the tactile transmission device 3, and thus the tactile 
infomialjon of the surface is transmitted to the ifinger 9, or the like, of the operator that is 
touched thereby. 

(00111 Rgure 2 Is a drcuit diagram indudihg a 1-part model showing another example 

embodiment of the tactile transmission device according to the present invention. In 
Figure 2, a control part 4 Is provided instead of the control part 2 in Rgure 1 . ThJs control 
part 4 comprises a D/A converter circuit that inputs the tactile infomiation S (Sa, Sb, . , .) 
for each point on the surfiace, which is divided into an array of operating extremities, 
outputted sequentially by the control device 1 , inputs the various voltages V from the 
alternating current generator drcuit 42, selects sequentially the voltages corresponding 
to the tactile infomiation S (Sa, Sb,..,) from the voltages V generated by the voltage 
generator drcuit 22, and sequentially outputs an alternating current power P (Pa, Pb,...) 
such as a sine wave or a square wave, and comprises also A selection drcqit 43 that 
inputs a cpntioi signal Q from the control dovtce 1 and outputs the alternating cuifTerit 
pi^or P (F^a, Pb; 

inespecHye tacHle ini^^^ ' >; 

[0012] 11ie 0peF9tioi1d' this te^ device Is different from the operation of the 

tactile transmissioh device in Rg^^ 

occ^irriiig sirnuita^ in the vanous piezoelectric actuators, the various piezoetectric 
aduatorsSIa^ 

piezoelectric actuators vibrate sequentially and repetitively, ttie control part 4 can be a : 
siifiple electronic drcuit structure . • 

(biiverter drcuit 41. In such a case, the period for repeating the sequential vibration can 
be increased up to, foir example, several dozen cycles, without the operator e)0driehdng 
arty particular redubtion in 
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[0013] Furthermorei in Figure 1 and Rgure 2, by extracSing the frequency F rather than the 

voltage V from the alternating current generator drcuits (22 in Figure 1 and 42 in Figure 
2) in Figures 1 and 2 it is possible to output an alternating current P of a frequency that 
corresponds to a tactile data S from a 0/A converter circuit 21. By doing this, it is 
possible to transmit mulfidimensiomal infomnation comprising frequency and amplitude. In 
the same piezoelectric actuator, making it possible to fransmit for example, surface 
pressure and surface texture tactile information simultaneously 

[0014] Note that piezoelectric aerators comprising multilayer piezoelectric elements generally 
have an amount of travel of between several microns and several dozen microns when a 
direct current power is supplied, so an operator would have difficulty feeling this 
dislocation; however, when an alternating current power is supplied according to the 
present invention, the operator is able to feel the dislocations with ease because the 
actuators vibrate due to the alternating current supplied in the present invention. Figures 
3 through 6 show different strucSures for ttie tactile transmission part 3 in Figures 1 and 
2. In Figure 3, the piezoelectric actuator is a 3-dimentiohal structure rattier than tiie 2- 
dimentional structure for the tactile transmission part 3 in Figures 1 and 2, and when, for 
example, a finger is placed in ttie center part O, the tactile infomlation on the bottom 
surface and on tiie left and right surfaces can be felt. Figure 4 has antirvibration 
materials 33 equipped between the individual piezoelectric actuators 31 and the base 
plate 34. By doing so, the precision is increase because interference between ttie 
vibrations generated between adjacent piezoelectric actuators is prevented. In Figure 5, 
the individual attachment jDositions of the piezoelectric actuators 31 are determined by 
fitting grooves 34 equipped on the base plate 32. In ottier words, although the actual 
attachrrient of the piezoelectric actuators to tiie base plate is performed easily using, for 
example, an adhesive, ttie positioning is difficult and ttiere have been problems with the 
accuracy of the attachment positions; however, ttie provision of the fitting groove 34 
increases the accuracy of ttie position where the attachment is rnade using an adhesive 
material, resulting in higher accuracy. Figure 6 (a) sjhows pressure-bearing supplennental 
plates 35 provided at essentially the same height as the tip surfaces sunroynciirig^^ 
side surfaces opposite the bases of the indlviduial pii82X>^lecti1c actuators 31 . fhi3 is 
because In casies such ^s, for exarnplie, that in fT^iure 6 (b), whereiri the pressure- 
bearing supplemental plates 35 are hot provided, when ttie firijger 9 pressed iagalnst |he 
various piezoelectric acbjators 31, for exarhple. 31a and 3lb, the flriger S of the bpefBtor 
vwll feel two distinct points except in cases wherein the spadrig between tifte 
piezoelectric actuators 31a and 31b is^^emely naitpw^ However, When these 
pressure-bearing supplemental plates 35 are provided such as shown ih Figure 6 (c), the 
gaps between the piezoelectric actuators 31 a and 31 b. are filied, and so the finger 9 feels 
a sensation that feels dose to being a surface. 


IPOISj 
[Effect of the invention] 
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The tactile transmission device of the present invention is made from tactile transmission 
parts structured from piezoelectric actuators composing, for example, multilayer 
piezoelectric elements, and high-resplutiph surface tactile infomnation can be transmitted 
at a low cost Furthermore, multidimensional tactile Infomiatjon, such as tactile 
information for surface pressure and surface texture, can be transmitted simultaneously 
by varying the voltage or the frequency of the alternating current power that drives the 
vibrations of these piezoelectric actuators, haying an extremely large effect in the. 
operation of robots, such as m^ster-^lave robots. 

[Simple Explahatidn of Drav^ngs] 
[Figure 1] 

A circuit diagram including a single-part model showing an example embodiment of a 
tactile transmission device according to the present invention^ 
[Figure 2] 

A drcult diagram showing a single-part nruxJel of a different example embodiment of a 
tactile transmissilon device according to the present invention. 
[Figures] 

An oblitiue view of a different structure of tiie tactile transmission part in Figure 1 or 
Figure 2- 
[Flgure 4] 

A crdssrsectional diagram shoviring yet a different structure of the tactile transmission 
part of FigMre 1 or f^igure 2. 
[RgureS] 

A cfx>s$-secIional drawing showing yet a different stiti(^re of ttie tactile transmission 
part of Rgure 1 or Figure 2 
[Figure q 

this figure shows yeta different stmctuid of the tactile tran$mis$lon part of Figure 1 or 
Figure 2, where (a) is a cross-sedtlon of tfie drawing, and (b) and (c) are ntodols for 
explaining the functions thereof . 
[Figure 7] 

is a systern drawing showing a single-part model of an exariiple of a conyehtbnal tactile 
transmissibn device. . 
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Figure 3 

Figure4 

33 Anthyibratipn material 

RgiireS 

34 Fitting grooves 

Figure 1 

[A] P/Aqonverter 

(BJ D/A converter 

[Ql To fte varibus converters 21 (21A, 21B, .») 

[bj AC generator 

[E] Control device (computer) 

[F] To the variou$ converters circuits 21 (21 A, 21 B, , . .) 
(GJ To the various plezQ(Blectric actuators 31 (31 A, 31B» 
32: Base plate 

31 (31A, 31 B, .vO piezoelectric acb^a 

3 tactile transmission part 

2 Control part 

21 Converter circuits 


Figure 2 

32 Base plate 

3 Tactile transmission part 
3l piezoelectric actuator 

A To the piezoelectric ac^tor 31 (31a, 31 b^^^ 

4 Control part 

43 Selector circuits 

41 D/A converter circuit 

42 Altenriatihg current gene^^ 
B Cor)tifoi deS^ (comi^ 

Rgure& 

3$ i>res$ure-bedring supplemented 
Rgure? 
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